Background: With seroma formation being the most common complication of abdominoplasty, multiple surgical strategies have been proposed to lower the seroma rate, yet their effectiveness is unclear. Objectives: The objective of this systematic review and meta-analysis was to comprehensively summarize and quantify the effects of preventive surgical measures for seroma in patients undergoing abdominoplasty. Methods: A predetermined protocol was used. An electronic search in MEDLINE, Scopus, the Cochrane Library, and CENTRAL electronic databases was conducted from inception to June 2016. This search was supplemented by a review of reference lists of potentially eligible studies and a manual search of key journals in the field of plastic surgery. Eligible studies were prospective controlled studies, which investigated prevention of seroma formation and reported on seroma rate. Secondary outcomes were rate of hematoma, wound dehiscence, infection, reoperation and hospital readmission, time to drain removal, total drain output, and length of hospital stay.
in increased risk of infection, prolonged recovery, or further surgical treatment. Although closed suction drains and compression garments are used routinely during the early postoperative phase, their effectiveness is debatable considering the reported seroma rates. 6 Multiple surgical strategies have been proposed to lower the seroma rate, such as progressive tension sutures, Scarpa's fascia preservation, lipoabdominoplasty, different dissection techniques, and use of adhesives or fibrin sealants. [7] [8] [9] [10] [11] [12] The effectiveness of the aforementioned methods is supported principally by retrospective studies, whereas the evidence from prospective randomized controlled studies is scarce.
The objective of this systematic review and meta-analysis was to comprehensively summarize and quantify the effects of preventive surgical methods compared with conventional technique in randomized and prospective controlled trials on seroma formation and other complications in patients following abdominoplasty.
METHODS
A meta-analysis was conducted using a predetermined protocol established according to the Cochrane Handbook's recommendations. 13 The review adhered to PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines (systematic review registration: PROS-PERO CRD42015025099) (Supplementary Appendix A). 14 
Search Strategy
On June 26, 2016 an electronic literature search in MEDLINE (PubMed), Scopus, the Cochrane Library, and CENTRAL electronic databases was conducted. The string search ["abdominoplasty"] and ["seroma"] was applied. No time and language restriction was applied. This search was supplemented by a review of reference lists of potentially eligible studies and a manual search of key journals in the field of plastic surgery.
Study Selection
Studies were eligible if they were prospective controlled trials; investigated a method of prevention of seroma formation during abdominoplasty as a comparison to conventional abdominoplasty; included patients with BMI < 30 kg/m 2 or BMI > 30 kg/m 2 after bariatric surgery; and reported on seroma formation rate. The conventional surgical procedure was consistent of techniques used for abdominoplasty, including skin incision with a scalpel, dissection at the level of the abdominal fascia using electrocautery or scissors, undermining of the abdominal flap to the xiphoid and costal margin based on surgical judgment, and transposition of the umbilicus. The abdominal fascia was plicated, as necessary, with sutures. The lower part of the abdominal flap was resected and the wound closed in layers following the placement of closed-suction drains.
Retrospective studies, case reports and case series of abdominoplasty, duplicate reports, editorials, and correspondences were excluded ( Figure 1 ). Two reviewers (K.S. and D.G.) independently screened retrieved database files and the full text of potentially eligible studies for relevance. Consensus was reached after discussion, resolving potential disagreement among the reviewers.
Data Collection and Risk of Bias Assessment
Data extraction was conducted independently by two reviewers (K.S. and D.G.) using a standardized form. Dis- crepancies were resolved by consensus. In case of missing data, two e-mail attempts, sent 15 days apart, were made to contact the authors of the original studies. Extracted data included general study characteristics, population and procedure characteristics and outcomes of interest. Primary outcome was seroma rate defined as a clinically palpable fluid collection or a collection greater than 20 mL detected by ultrasound at postoperative follow-up. Secondary outcomes were the rate of hematoma, infection, wound dehiscence, reoperation and hospital readmission, length of hospital stay, time to drain removal, and total drain output.
The quality of studies was assessed using the Cochrane risk of bias tool. 13 
Data Synthesis and Analysis
Meta-analysis of the outcomes of interest was performed when results were available from at least two studies. Odds ratios (OR) with 95% confidence interval (CI) were calculated for dichotomous variables and weighted mean differences (WMD) were calculated for continuous variables. 13 Outcome measures were quantitatively summarized, using a random-effects Mantel-Haenszel model or inverse variance approach, respectively. Significance level was set at P ≤ .05. Heterogeneity was assessed by using Cochran's Q statistic with a significance level of a < .05, and by calculating the degree of inconsistency, I 2 . 13 Whenever the heterogeneity between studies was not significant, fixed effects models were used. Forest plots were generated to illustrate the study-specific effect sizes along with a 95% CI. Funnel plots were generated to assess for publication bias. Sensitivity and subgroup analyses were performed in case of potential differences between the studies included in the quantitative synthesis. The meta-analysis was conducted using Review Manager version 5.3 software (The Cochrane Collaboration, 2000).
RESULTS
The study selection process is summarized in Figure 1 . From a total of 479 records, nine studies met the inclusion criteria, thus they were incorporated in the data analysis. [15] [16] [17] [18] [19] [20] [21] [22] [23] 
General Study Characteristics
The nine studies included were conducted in Portugal (2), Brazil (1), Chile (1), Germany (1), France (1), Austria (1), Italy (1) , and the UK (1). All studies, except for one, were published after 2010 and conducted in a single institution. There were six randomized controlled trials (RCT) and three prospective controlled studies (PS). The seroma rate was examined, comparing patients undergoing conventional abdominoplasty (control group, CG) with patients having abdominoplasty with concomitant use of preventive surgical methods (prevention group, PG) for seroma formation, such as progressive tension sutures (PTS group), Scarpa's fascia preservation (SFP group), use of tissue adhesives (TA group), or abdominal flap dissection method (DM group). Overall, 2 PTS, 3 SFP, 2 TA (1 with fibrin sealant, 1 with surgical adhesive), and 3 DM (2 with the use of scalpel, 1 with plasmajet) vs CG comparisons were identified.
The lipectomy mass varied between the studies, ranging from 589 to 1366 g. Liposuction limited to the flanks was performed in several patients in two studies, while lipoabdominoplasty was performed in all patients in one study and in SFP group patients in another study. Patients were followed up at regular intervals, according to the protocol of each study. Seroma formation was clinically evaluated and supplemented by ultrasound in three studies.
The risk of bias was considered low for the six RCTs and intermediate for the three PSs (Table 1) . Publication bias was assessed by visual inspection of the funnel plots (Supplementary Appendix B). A relative symmetry was consistently observed. However, given the relatively small number of studies included and thus the inability to support this observation performing a statistical test (Egger's test) publication bias was deemed unclear.
Patient Characteristics and Baseline Clinical Profile
The meta-analysis included 664 abdominoplasty patients; 321 in the PG and 343 in the CG. Individuals' baseline characteristics are presented in Table 2 . The mean age of participants was 40 years, ranging from 34.7 to 45.4 years. Relative to the CG, the PG was slightly older (40.3 years vs 39.7 years) though not significant [WMD 1.13 (−0.32, 2.58), P = .13; I 2 = 0%]. Mean body mass index (BMI) ranged from 23.7 to 27.7 kg/m 2 in 8 studies. Obese patients, who had achieved massive weight loss after bariatric surgery, were recruited in one study (BMI, 36 kg/m 2 ). The mean BMI was 26.8 kg/m 2 in the PG and 26.4 kg/m 2 in the CG, not significantly different between the groups [WMD 0.45 (−0.41, 1.31), P = .31; I 2 = 58%]. Subgroup analyses of RCT and PS investigated potential differences between prevention and control groups in terms of age and BMI. No significant differences were revealed (Supplementary Figure 1) .
All studies controlled major risk factors for adverse effects such as smoking, obesity, previous surgical operations, bariatric surgery, and medical comorbidities (such as diabetes). A significant difference in medical comorbidities was reported in a prospective study. No differences in gender were reported. Drains were used in all patients in the CG and 291 of the 321 patients in the PG ( Table 2 ).
The patient management (discharge, follow up, time to drain removal, seroma control etc) was identical in both groups, as it was defined in the protocol of each study. Compression garments were routinely applied in six out of 7 studies, while no data were available for two studies.
In light of these findings, data were integrated from RCT and PS to make direct comparisons between prevention and control groups. The data also suggest that the prevention and control groups were well-matched at baseline along variables relevant to seroma formation and other complications following abdominoplasty.
Outcomes
OR and WMD of the outcomes of interest are presented in Supplementary Figures 2-5 . We imputed standard deviations for Di Martino and Koller by taking the median standard deviation of the respective groups of the other studies, because no other statistic was available. 13 
Seroma Rate
Odds ratios and 95% CIs, describing the effects of prevention vs conventional abdominoplasty on seroma rate are presented in the forest plot of Supplementary Figure 2A . Seroma rate was 7.5% in the PG and 19.5% in the CG. OR (95% CI) was 0.26 (0.10, 0.67), P = .006, favoring the prevention group. Consequently, the odds of seroma in patients undergoing abdominoplasty using one of the surgical prevention measures were, on average, four times as low as the odds of seroma for those receiving conventional abdominoplasty. Significant heterogeneity (Q P value = .02, I 2 = 56%) was found between the studies.
Subgroup analysis was performed to analyze the effect of each method on seroma rate (Supplementary Figure 2B ). Significant differences, favoring SFP and TA groups were revealed. Borderline differences [0.36, (0.13, Figure 5A) . In two studies all Figures 5B-C) .
Sensitivity Analyses
Four sensitivity analyses were performed, excluding studies: (1) with concomitant use of liposuction; (2) with patients' mean BMI higher than 30 kg/m 2 ; (3) with imputed standard deviation; and (4) reporting no (or unknown) application of compression garments (Supplementary Appendix C).
DISCUSSION
The risk of seroma formation after abdominoplasty is well documented, with incidence ranging from 5% to 43%. [2] [3] [4] [5] Its causes are still unclear, though lymphatic channels disruption, "dead space" formation, as well as the shearing forces between abdominal flap and the fascia have been implicated. 3, 24 Seroma formation is usually self-limited; however, it can be associated with complications such as wound dehiscence and flap necrosis (due to increased pressure to the wound) or infection (due to contamination). Untreated chronic seroma may lead to the formation of a pseudocyst. 25 For decades closed suction drains have been considered to be the standard of care for seroma prevention. 26 The use of drains is associated with a significant increase in postoperative pain, as well as complications including retrograde bacterial migration and infection. 27, 28 Consequently, multiple preventive surgical strategies have been proposed over the years in order to reduce seroma rate. [7] [8] [9] [10] [11] [12] To our knowledge this is the first meta-analysis of the effects of different preventive surgical measures compared with conventional abdominoplasty on seroma formation and other major complications related to abdominoplasty and the use of drains. It is demonstrated that certain preventive measures significantly reduce the seroma and infection rates, time to drain removal, and the length of hospital stay relative to conventional abdominoplasty with the use of drains. No significant changes in terms of hematoma and wound dehiscence rate, total drain output, as well as reoperation and readmission rates are anticipated. Seroma rates are significantly reduced by means of preservation of Scarpa's fascia, use of tissue adhesives and, possibly, progressive tension sutures use, not by means of abdominal flap dissection technique.
The strength of this study is its comprehensive and rigorous approach to identify all prospective controlled studies of seroma prevention. The meta-analysis quantitatively summarized the best available evidence on the subject, pooling the data from RCTs and high quality PSs, which in the field of plastic surgery remain still scarce. The methodology overcomes the insufficient study power of several RCTs to measure more than one endpoint due to small sample sizes and obviates the methodological flaws of retrospective studies or case series. The results of this meta-analysis apply to a general population of patients eligible for abdominoplasty with a BMI ≤ 30 kg/m 2 and, most likely, to postbatiatric patients with massive weight loss and BMI > 30 kg/m 2 , with controlled or no comorbidities. Compression garments are routinely applied in the postoperative period. Clinical evaluation remains the main tool to determine seroma formation and can be supplemented by ultrasound.
The study has some limitations. The summary measures of effect sizes are based on a relatively small number of nine studies. Similarly, the effectiveness of different preventive measures on seroma rate derives from the pooled data from two studies reporting on PTS use, three studies on SFP, two studies on TA, and three studies on DM. [15] [16] [17] [18] [19] [20] [21] [22] However, the outcomes of this review represent the best available evidence on the subject. The meta-analysis analyzed baseline patient's characteristics, estimating effect sizes for BMI and age and controlling for major risk factors for adverse effects. Based on the thorough statistical analysis of the data it seems that a homogenous group of subjects was analyzed, which corresponds to the typical candidate for abdominoplasty. Heterogeneity between the studies was low for the majority of analyses, increasing the strength of the outcomes. Sensitivity analyses showed similar consistent effect sizes for the outcomes of interest.
The inclusion in the meta-analysis of one study, reporting on post-bariatric patients with massive weight loss, may have introduced bias, as this group is more prone to postsurgical complications. 20 However, sensitivity analysis, excluding obese patients, showed similar but slightly constrained effect sizes, implying a greater role for prevention measures in this particular group of patients.
This meta-analysis also attempted to investigate the effect of lipoabdominoplasty on seroma rate. There are case series and retrospective studies in the literature with conflicting results. 3, 8, 29, 30 Kim et al analyzed 118 abdominoplasty patients retrospectively and found no association between liposuction and seroma formation, whereas Najera et al in a similar study of 200 patients showed an increased risk of seroma formation after combination of abdominoplasty with liposuction of the flanks. 3, 29 Macias et al recently examined the seroma rate in 451 patients of their practice after converting from standard abdominoplasty using drains to PTS use. Addition of liposuction in 186 of these patients did not increase the seroma rate. 30 In a small prospective study of 18 patients Roostaeian et al showed that no significant differences exist between lipoabdominoplasty and traditional procedure with respect to the rates of intraoperative abdominal flap perfusion or postoperative complications. 31 The recruitment of patients with BMI higher than 30 kg/m 2 precluded the study inclusion in this review. The meta-analysis pooled data from four studies, which reported use of liposuction, limited to the flanks in two studies, or extended to the abdomen in a study of postbariatric patients and in SFP group patients in another study. 16, [20] [21] [22] The design of these studies did not allow analysis of outcomes, based on liposuction. Although Marsh et al reported increased risk of seroma formation in the abdominoplasty subgroup with concomitant liposuction, the study was not designed to examine this outcome. 21 Sensitivity analysis, excluding the studies with concomitant use of liposuction, did not significantly change the reported outcomes of this review. Lipoabdominoplasty is very commonly performed and thus further well-designed studies are expected to shed light to seroma formation after this combined procedure.
Seroma formation rate was first reported by Pitanguy 40 years ago, followed by several case series and retrospective studies. 32 A great inconsistency, in terms of overall complication and seroma rates after abdominoplasty has been reported, accentuating the confusion regarding the prevention of seroma formation. A recent meta-analysis evaluated tissue adhesives, reporting no significant differences in terms of seroma incidence following abdominoplasty, though the total drain output was significantly lower in TA group. 33 However, the authors stated that the clinical and methodological heterogeneity among the five studies included in the review, as well as the poor overall quality of most studies, based on the risk of bias assessment, questioned the validity of their results. Additional randomized controlled trials could enhance the knowledge on seroma formation and prevention measures, improving safety along with aesthetic results.
CONCLUSIONS
The current meta-analysis quantitatively summarizes the best available evidence for seroma prevention in directly comparative studies of preventive measures vs conventional abdominoplasty. The meta-analysis demonstrates that certain preventive measures significantly reduce the seroma and infection rates, time to drain removal and the length of hospital stay relative to conventional abdominoplasty with the use of drains. Seroma rates can be significantly reduced by performing abdominoplasty with preservation of Scarpa's fascia, use of tissue adhesives and, possibly, use of progressive tension sutures. Further studies are essential to elucidate the mechanisms of seroma formation following abdominoplasty and the effects of the seroma prevention measures currently used.
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